Angiotensinogen, a member of the serpin family, is involved in the suppression of tumor growth and metastasis. To investigate whether human angiotensinogen protects against tumor progression in vivo, we established an original bitransgenic model in which transgenic mice expressing human angiotensinogen (Hu-AGT-TG mice) were crossed with a transgenic mouse model of hepatocellular carcinoma (HCC-TG mice). Bitransgenic mice overexpressing human angiotensinogen (HCC/Hu-AGT-TG) had a significantly longer survival time than the HCC-TG mice and a reduction of both tumor growth and blood flow velocities in the liver. This antitumor effect of angiotensinogen is related to a reduced angiogenesis, impaired expression of endothelial arterial markers (active Notch4, Delta-like 4 ligand, and ephrin B2) with a decrease of arterial vessel density in HCC/Hu-AGT-TG mice liver. Overexpression of human angiotensinogen decreases angiogenesis, and prevents tumor sinusoids from remodeling and arterialization, thus delaying tumor progression in vivo.
Introduction
The role of angiogenesis to promote tumor progression and metastasis has been largely established. Numerous molecules have been reported to be involved in this process and blocking angiogenesis has given promising results in cancer therapies (1, 2) . Tumor angiogenesis is also characterized by an abnormal vessel remodeling, and normalization of tumor vasculature represents an important therapeutic challenge (3) . Angiotensinogen (AGT), the renin substrate, displays antiangiogenic properties in vitro and in ovo. AGT inhibits the proliferation of cultured endothelial cells, blocks the formation of capillary-like structures on Matrigel, and impairs neoangiogenesis in the chick chorioallantoic membrane assay (4, 5) . AGT, mainly synthesized in the liver, is the only known precursor of angiotensin I (AngI; ref. 6 ). It can be considered as a combination of a short domain (AngI) located at the NH 2 terminus and a large one [des(AngI)AGT] which accounts for >97% of the molecule and has no known function (7) . Homologies in terms of gene organization and protein structure suggest that AGT belongs to the serine proteinase inhibitor (serpin) family (8) . Several serpins display antiangiogenic properties (9) (10) (11) (12) . More recently, we have shown that AGT impairs angiogenesis without altering the expression level of vascular growth factors through the induction of apoptosis and decreased endothelial cell proliferation (5) . Furthermore, we showed that an adenovirus encoding human angiotensinogen (Hu-AGT) is able to inhibit tumor progression through an antiangiogenic effect in different mice models and represents a promising new strategy to block primary tumor growth and to prevent metastasis (13) .
These results prompted us to investigate whether Hu-AGT exerts in vivo effects in a transgenic mouse model of cancer in terms of angiogenesis and tumor growth. For this purpose, we studied the effect of Hu-AGT in an original bitransgenic mouse model (HCC/ Hu-AGT-TG mice), by crossing single transgenic mice developing hepatocarcinoma (HCC-TG mice) with single transgenic mice carrying the human AGT gene (Hu-AGT-TG mice). Hu-AGT-TG mice overproduced Hu-AGT with plasma levels 100-fold that of human plasma AGT levels. Hu-AGT is not cleaved by mouse renin. Angiotensin II (AngII) plasma concentration and blood pressure of Hu-AGT-TG mice had been previously reported and were indistinguishable from those of the control mice (14) . HCC-TG mice developed hepatocarcinoma in multistep processes of tumor growth and tumor angiogenesis characterized by a strong remodeling of tumor sinusoids and the acquisition of an arterial phenotype by tumor sinusoidal endothelial cells (15, 16) . We have shown that endothelial arterial markers such as Delta-like 4 ligand (Dll4), active Notch4, and ephrin B2 (17) (18) (19) (20) are gradually upregulated during hepatocarcinoma progression (21) . In this model, we have also developed noninvasive measurements of liver volume and neovascularization by conventional two-dimensional colorcoded pulsed Doppler ultrasound imaging, allowing us to follow the efficacy of potential antiangiogenic factors (22) . Because AGT is mainly synthesized in the liver, our bitransgenic mouse model is appropriated to study the potential antiangiogenic effect of AGT.
We show a significantly longer survival rate in HCC/Hu-AGT-TG compared with HCC-TG mice, with reduced tumor liver volume and angiogenesis associated with impaired blood flow velocities in tumor-feeding hepatic artery. In addition, Hu-AGT prevents the tumor sinusoids from their remodeling and arterialization.
Materials and Methods
Animal models. All of the animal procedures for the care and use of laboratory animals were conducted according to the guidelines of our institution and the Federation of European Laboratory Animal Science Association. Transgenic mice expressing human angiotensinogen (Hu-AGT-TG mice). Hu-AGT-TG mice were kindly provided by Curt D. Sigmund (14) . Briefly, the transgene, consisting of the human AGT gene plus f1.2 kb upstream and 1.4 kb downstream, was injected into (C57/BL6/J Â SJL/J)F 2 one-cell fertilized mouse embryos, thus generating transgenic mice. Because Hu-AGT is not cleaved by mouse renin, angiotensin II (AngII) plasma concentration and blood pressure of Hu-AGT-TG mice were indistinguishable from those of the control mice (14) .
Transgenic mouse model of hepatocellular carcinoma (HCC-TG mice). The production of transgenic ASV-B mice, which develop hepatocellular carcinoma, has been previously described (15) . The transgene was integrated on the Y chromosome, so the development of hepatocarcinoma was restricted to male mice, which were backcrossed with C57/BL6 mice at least 10-fold. Three major stages of the temporospatial progression of the HCC-TG mice and angiogenic processes have been previously described: hyperplastic (4-8 weeks), nodular (12 weeks), and diffuse carcinoma (16-24 weeks; ref. 16) .
Generation of bitransgenic mice (HCC/Hu-AGT-TG). The bitransgenic mouse model (HCC/Hu-AGT-TG mice) was produced by crossing HCC-TG male with Hu-AGT-TG female mice. In these compound HCC/Hu-AGT-TG mice, the incidence of hepatocarcinoma was 100% and the production of Hu-AGT was 100-fold that in human plasma.
Survival. The outcome measure was estimated by overall survival duration in HCC-TG (n = 12) and HCC/Hu-AGT-TG (n = 12) mice groups. Survival duration was defined as the time from birth to death. The probability of surviving was estimated using the Kaplan-Meier product-limit method. Overall survival was calculated from the date of random assignment to the date of death. All statistical analyses in this study were carried out using the StatView 5.0 program (SAS Institute, Inc.).
Ultrasound study. Mice were subjected to ultrasound measurements using an echocardiograph (Vivid 7, GE Medical Systems Ultrasound) equipped with a 12-MHz linear transducer. Ultrasound study of the liver and time-averaged mean blood flow velocities measured in the hepatic and mesenteric arteries were performed in these mice as previously described (22) . All ultrasound measurements were performed in the three transgenic mouse groups (HCC-TG (n = 12), HCC/Hu-AGT-TG (n = 12), Hu-AGT-TG (n = 8) mice) at different ages (4-24 weeks) corresponding to the main stages of hepatocarcinoma. Wild-type C57/BL6 mice were used as controls (n = 8). We previously showed that the liver volume, assessed by ultrasound, increased with the progression of hepatocarcinoma (22) . Thus, we estimate that the liver volume reflected tumor growth.
Microangiography. Microangiographies were performed in two Hu-AGT, two HCC-TG, and two HCC/Hu-AGT-TG mice at 8, 12, and 16 weeks, respectively, as previously described (22) with modifications. Before the perfusion of the contrast agent, mesenteric artery and aorta upstream from the celiac trunk were ligated. Image acquisition with a digital X-ray transducer was performed and computerized. Quantification of arterial vessel density, within the liver, was calculated using specific software (Primed Microvision) and expressed as a percentage of pixels per image occupied by vessels in the total liver area.
Tissue preparation. Livers were obtained from HCC/Hu-AGT-TG (n = 4), HCC-TG (n = 4), Hu-AGT-TG (n = 2), and wild-type mice as controls (n = 2) at different ages corresponding to the main stages of hepatocarcinoma. Pieces of liver were frozen in liquid nitrogen for immunofluorescence or fixed in 4% paraformaldehyde in PBS and processed for paraffin histology (immunoperoxidase and in situ hybridization; ref. 23) .
Immunohistochemistry and quantifications. CD31 (PECAM-1) was detected in liver sections by the antibody (rat purified anti-CD31, 1/100, clone MEC 13.3; BD Biosciences), after unmasking by proteolytic digestion (trypsin 250 Ag/mL, 15 min at 37jC), secondary antibody (rabbit anti-rat, 1/400, BA4001; Vector Laboratories), tyramide signal amplification (indirect kit; Perkin-Elmer), and 3,3 ¶-diaminobenzidine (DAB) was used as chromogen to reveal peroxidase activity. Laminin antigen was detected in liver sections by the antibody (rabbit anti-laminin, 1/100, L9393; Sigma), secondary antibody (goat anti-rabbit, 1/500, BA1000; Vector Laboratories), avidin-biotin-peroxidase complex (Vectastain ABC Elite kit; Vector Laboratories), and DAB was used as a chromogen for the peroxidase activity. Ki-67 antigen was detected in liver sections by the antibody (monoclonal rat anti-Ki-67, dilution 1/100, M7249; DakoCytomation), antigen retrieval with citrate buffer (pH 6), secondary antibody (goat anti-rat, dilution 1/500, BA4001; Vector Laboratories), avidin-biotinperoxidase complex (Vectastain ABC Elite kit; Vector Laboratories), and DAB was used as a chromogen for the peroxidase activity. Quantification areas were performed in the nodules, at the nodular (12 weeks) and diffuse (16 weeks) stages. Three random nodules/section were scanned with a digital camera (DFC420, Leica). Quantifications of CD31 microvessel density or Ki-67-positive cells were calculated using specific software (IPLab, Ivision, Scanalytics) and were expressed as a percentage of pixels per surface unit of nodule.
Immunofluorescence stainings. Liver sections and immunofluorescence stainings were done as previously described (16, 21) . The primary antibody was either omitted or the liver sections were incubated with a nonimmune IgG as negative control. Liver sections were incubated with recombinant mouse EphB4/Fc chimera, 1/20 (R&D Systems Europe), known to bind to ephrin B2, then with a goat anti-human IgG, Fcg, 1/30 (Jackson ImmunoResearch Laboratory) followed by incubation with the Alexa Fluor 488 donkey anti-goat antibody (Interchim). In situ hybridization. Single-strand sense and antisense riboprobes, labeled with 35 S-UTP (Amersham Biosciences), were generated by in vitro transcription from a 1,659-bp human AGT cDNA, cloned in pECEI. The in situ hybridization method has been described in detail (23) .
Protein extraction and Western immunoblotting. The method has been previously described (21) . Protein concentrations were determined using the BCA protein reagent assay kit (Pierce). The protein samples (75 Ag) were resolved by 10% SDS-PAGE under reducing conditions and transferred onto nitrocellulose membranes using 25 mmol/L of Tris, 20 mmol/L of glycine, and 15% methanol. The membranes were blocked by incubation in TBS containing 5% nonfat milk powder for 90 min at room temperature. The membranes were incubated overnight at 4jC with specific antibodies against the active form of Notch4 (1/200, Upstate Euromedex), Dll4 (1/200, Santa Cruz Biotechnology), or ephrin B2 (1/200, Santa Cruz Biotechnology). The membrane was then incubated with horseradish peroxidase-conjugated anti-rabbit or antigoat IgG (Jackson ImmunoResearch Laboratory). Antibody binding was revealed with the enhanced chemiluminescence system (Amersham Pharmacia Biotech).
Human AGT RIA. Blood was collected into chilled tubes containing heparin (Sarstedt). The plasma concentration of human AGT was measured indirectly, as described by Clauser and colleagues using recombinant human renin (24) . Briefly, aliquots of mouse plasma samples were incubated for 1 h at 37jC. AngI concentrations produced were determined by RIA (25) .
Statistics. All ultrasound measurements were compared by ANOVA and post hoc unpaired Student's t test. Results are expressed as mean F SD. Mann-Whitney test was used for statistical analysis of CD31 and Ki-67 quantifications. Figure 2 . A, echo-derived volume of the liver in HCC-TG mice (.), bitransgenic mice (4), Hu-AGT-TG mice (x), and control wild-type mice group (Â). Points, mean of the liver volume for each group; bars, SD (*, P < 0.001, statistically significant for bitransgenic vs. HCC-TG mice). B, hepatic artery mean blood flow velocities in HCC-TG mice (.), HCC/Hu-AGT-TG mice (4), Hu-AGT-TG mice (x), and control wild-type mice group (Â). Points, mean for each group; bars, SD (*, P < 0.05; **, P < 0.0001, statistically significant for bitransgenic vs. HCC-TG mice). C, representative photomicrograph of computerized microangiography performed with a digital X-ray transducer in HCC-TG mouse at 16 wk (ao, aorta; h.a., hepatic artery; i.h.a., intrahepatic arteries; l.r.a., left renal artery; r.r.a., right renal artery). D, microangiographies in HCC-TG and HCC/Hu-AGT-TG mice at 8, 12, and 16 wk; insets, intrahepatic arteries at 16 wk.
Results
Survival. Bitransgenic mice (HCC/Hu-AGT-TG) had a significantly longer survival time than the HCC-TG mice group. The median survival time was 200 days (range, 174-219) in the HCC/ Hu-AGT-TG mice group and 170 days (range, 143-191) in the HCC-TG mice group (P < 0.0001; Fig. 1) .
AGT reduces liver volume, blood flow velocities, and arterial vessel density in bitransgenic mice. Echo-derived volume of the liver increased significantly by 6.4-fold in hepatocarcinoma transgenic mice and increased (1.8-fold and 1.7-fold) in wild-type controls and in Hu-AGT-TG mice, respectively, from 4 to 24 weeks (Fig. 2A) Fig. 2A) . From the 16th week, the difference in liver volume between bitransgenic and HCC-TG mice was abolished (Fig. 2A) . These results suggested that until 12 weeks, the liver volume was significantly smaller (50%) in bitransgenic mice compared with HCC-TG mice.
Hepatic time-averaged mean blood flow velocity was significantly higher in HCC-TG mice than in Hu-AGT-TG and wild-type control mice groups from 4 to 24 weeks (Fig. 2B) (Fig. 2B) . From the 20th week, there was no significant difference in hepatic mean blood flow velocity between bitransgenic and HCC-TG mice groups (Fig. 2B) . In all animal groups, no differences in blood flow velocities were observed in the mesenteric artery used as control.
The microangiography revealed the aorta (ao), the left (l.r.a.) and right renal (r.r.a.) arteries, the hepatic artery (h.a.) and intra hepatic artery (i.h.a.; Fig. 2C ). The arterial phase revealed a reduced liver vascular network in the bitransgenic mice compared with HCC-TG mice at the hyperplastic (8 weeks), nodular (12 weeks), and diffuse (16 weeks) stages (Fig. 2D) . The intrahepatic artery vessels seemed less branched (Fig. 2D, right) . In addition, arterial vessel density within the liver was reduced by 6% at 8 weeks, 23% at 12 weeks, and 31% at 16 weeks in bitransgenic compared with HCC-TG mice.
AGT reduces tumor angiogenesis in bitransgenic mice. CD31 stained both sinusoids and large vessels derived from the portal tract. At the hyperplastic stage (8 weeks), CD31 staining did not show any detectable difference between bitransgenic, HCC-TG, and wild-type mice livers (Fig. 3A) . In contrast, at the nodular (12 weeks) and the diffuse stages (16 weeks), CD31 immunostaining was markedly reduced in the bitransgenic compared with HCC-TG livers (Fig. 3A) . At 12 and 16 weeks, the number of CD31-positive sinusoids within nodules was significantly reduced in bitransgenic compared with HCC-TG livers (Fig. 3A) . The microvessel density count was 8.8 F 0.7% versus 13.5 F 4.2%, respectively (P < 0.005) at 12 weeks and 10.1 F 1.8% versus 19.0 F 4.5%, respectively (P < 0.01) at 16 weeks (Fig. 3B) . At 20 weeks, this difference disappeared between bitransgenic and HCC-TG livers.
Expression of the active form of Notch4, Dll4, and ephrin B2 were reduced in bitransgenic mice. The active form of Notch4 was barely detected by Western blotting in wild-type and Hu-AGT livers regardless of mouse age (8-20 weeks), and it increased from the hyperplastic stage in HCC-TG livers (Fig. 4A) . In bitransgenic livers, the expression of active Notch4 was markedly inhibited by 65% and 55% up to 12 weeks (Fig. 4A) . At 16 weeks, at which time tumor growth and neovascularization began to escape to Hu-AGT, this inhibition was weaker (47%) and more heterogeneous in the HCC/Hu-AGT-TG group, and was close to the values obtained in HCC-TG livers at 20 weeks (Fig. 4A) . We also investigated the expression of Dll4, one ligand of Notch4. Regardless of mouse age (8-16 weeks), Dll4 protein was not detected in wild-type and Hu-AGT mice, and we confirmed that its level greatly increased from the early stage in HCC-TG mice (Fig. 4B) . In bitransgenic (HCC/Hu-AGT-TG) mice, Dll4 was not detectable at the hyperplastic stage (8 weeks), barely detected at the nodular stage (12 weeks), and an escape occurred at the diffuse stage (16 weeks; Fig. 4B ). Because active Notch4 acts upstream of ephrin B2, we have also investigated the expression of ephrin B2. At 8 weeks, ephrin B2 was not detected in wild-type Hu-AGT mice, whereas an up-regulation of ephrin B2 was observed in HCC-TG mice (Fig. 4C) . In contrast, in the HCC/Hu-AGT-TG mice, the ephrin B2 expression was ablated at 8 and 12 weeks (Fig. 4C) as confirmed by ephrin B2 immunostaining (Fig. 4D) . In bitransgenic livers, the reduction of the sinusoid arterialization was confirmed by laminin staining (Supplementary Fig. S1 ).
AGT displayed an antiproliferative effect in tumor hepatocytes. To determine if AGT might also inhibit hepatocyte proliferation, we performed a Ki-67 staining. Few isolated Ki-67-positive hepatocytes were observed in wild-type (8-16 weeks; Fig. 5A ) and in Hu-AGT-TG mice (data not shown). In HCC-TG, Ki-67-positive hepatocytes were depicted at 8 weeks (Fig. 5A) . Their number greatly increased from the 12th week to the 16th week (Fig. 5A) . Moreover, the most proliferative hepatocytes were observed within the nodule (Fig. 5A) . In contrast, in bitransgenic mice, at 8 weeks, fewer Ki-67-positive hepatocytes were observed (Fig. 5A) . Ki-67-positive hepatocytes began to be detected at 12 weeks but at a lesser extent than those observed in HCC-TG and increased at 16 weeks (Fig. 5A) . The Ki-67-positive hepatocyte counts were 3.6 F 1.8% versus 9.1 F 2.4%, respectively, for bitransgenic and HCC-TG mice (P < 0.01) at 12 weeks, and 4.3 F 2.1% versus 11.6 F 2.7% (P < 0.001) at 16 weeks (Fig. 5B) .
Expression of Hu-AGT in livers. In bitransgenic livers, in situ hybridization of human AGT mRNA showed a heterogeneous pattern expression of Hu-AGT at 12 and 16 weeks (Fig. 6A and B) . We distinguished two regions of Hu-AGT mRNA expression: Figure 4 . Expression of arterial markers in livers. A, detection of active Notch4 in Hu-AGT-TG and bitransgenic mice by Western blot. Top gels, bands corresponding to the truncated and active forms of Notch4 (60 kDa); bottom gels, bands corresponding to a nonspecific protein (std ) revealed with the anti-Notch4 antibody which serve as an internal control of loading. Quantification: densitometric quantification of the bands corresponding to the active form of Notch4 and the internal control (std) were performed using Image Master 1D elite Amersham Pharmacia software. Results were expressed as the ratio of Notch4 to control band values for each condition and were normalized to that of normal mice (100%). B, bands corresponding to Dll4 (74 kDa). The equal loading of protein was assessed by imaging Ponceau S-stained nitrocellulose membrane after transfer using Amersham Pharmacia Image Master VDS-CL imager. C, bands corresponding to ephrin B2 (55 kDa; top gels). Bands corresponding to a nonspecific protein (std) revealed with the anti-ephrin B2 antibodies which serve as an internal control of loading (bottom gels ). D, ephrin B2 immunostaining at 12 wk, ephrin B2 was not expressed in wild-type (WT ), Hu-AGT, whereas ephrin B2-positive sinusoidal endothelial cells were detected in HCC-TG. In contrast, no ephrin B2 staining was observed in bitransgenic as for wild-type and Hu-AGT livers. Original magnification, Â40.
a nodular region with low-level expression of Hu-AGT and an internodular region with a higher level of expression (Fig. 6A) . At 12 weeks, the stage at which nodular structures appeared, a decreased expression of Hu-AGT mRNA was observed in nodule compared with the internodular regions (Fig. 6A) . This discrepancy increased at 16 weeks, the stage at which the number and size of nodules increased, with a lower expression of Hu-AGT mRNA in nodules compared with the internodular regions (Fig. 6A) . From 16 to 24 weeks (diffuse stage), differences in Hu-AGT mRNA expression persisted between nodular and internodular regions in bitransgenic livers (data not shown). From 8 to 16 weeks, expression of Hu-AGT mRNA was homogeneous in Hu-AGT mice without any detection of Hu-AGT mRNA in HCC-TG mice as expected (Fig. 6B) . In bitransgenic livers, Hu-AGT mRNA expression was homogeneous in the internodular regions at 8 and 12 weeks (Fig. 6B) . At 16 weeks, we confirmed, by in situ hybridization, the lower expression of Hu-AGT mRNA in nodules compared with the internodular regions (Fig. 6B) .
Plasma concentrations of Hu-AGT. 
Discussion
An antiangiogenic and antitumor effect of AGT has been previously shown in vitro and in tumor xenograft models (4, 5, 13) . In this study, we have hypothesized that AGT would antagonize the tumor angiogenesis and consequently delay tumor growth in the murine model of hepatocarcinoma. We used an original model of bitransgenic mice overexpressing human AGT and developing hepatocarcinoma to analyze the spatial and temporal effect of Hu-AGT in angiogenesis and tumor progression. Here, we show in vivo that Hu-AGT delays tumor growth and prolongs survival, reduces tumor angiogenesis, and prevents the tumor sinusoids from their abnormal remodeling and arterialization. Arterial blood flow velocities recorded upstream from an organ give information on the development of the downstream vessels, vascular resistance, and represent a functional assessment of vessels (26) . Thus, hepatic blood velocities recorded in the hepatic artery was used to assess downstream vessels functionality, i.e., an increase in HCC-TG mice related to abnormal liver vessels (22) . Here, hepatic artery blood flow velocities were lowered in bitransgenic mice from 4 to 16 weeks without any significant difference compared with wild-type mice until 12 weeks. Normally, the liver vasculature is mainly supplied by the portal vein (80%) and 20% by the hepatic artery. In HCC-TG mice, the arterial phase is markedly increased (22) . Here, we observed a concomitant decrease in arterial inflow and arterial vessel density in bitransgenic mice until 16 weeks. Thus, Hu-AGT protects the hepatic vasculature from arterial remodeling. Moreover, in bitransgenic livers, CD31 staining shows more regular and less dilated sinusoids in favor of their phenotype normalization. Hepatocarcinoma is a hypervascular tumor characterized by a capillarization of the sinusoids, normally from venous origin (27) . We have previously shown, in HCC-TG livers, a temporal and spatial up-regulation of endothelial arterial markers (Dll4, active Notch4, and ephrin B2) during abnormal remodeling of tumor sinusoids (21) . In bitransgenic livers, the expression of HCC-TG livers (**, P < 0.01; ***, P < 0.001).
arterial markers was impaired. At the hyperplastic stage, in which the arterial vessel density was reduced by 6%, we noted a 65% inhibition in Notch4 levels, without any detection of Dll4 and ephrin B2. At the nodular stage (12 weeks), the arterial vessel density was reduced by 23% and the number of CD31 vessels, within nodules, by 65%, whereas Dll4 and ephrin B2 were only barely detectable. Thus, in HCC/Hu-AGT-TG livers, the decrease in arterial markers was higher than that of arterial vessel density at early stages of hepatocarcinoma. Therefore, the decrease in endothelial arterial markers was not simply related to the decrease in arterial vessel density. Dll4 was overexpressed in tumor vessels (20, 21, 28) , but paradoxically, the inhibition of Dll4 signaling reduces tumor growth by promoting an excessive nonproductive angiogenesis (29, 30) . In xenograft models, the tumor is avascular and the neovessel formation proceeds from the host mouse. In our transgenic model, the process is different because tumor angiogenesis proceeds from the native intrahepatic vasculature. In our bitransgenic model, reduction of Dll4 by Hu-AGT was not associated with an increase of nonfunctional vessels as assessed by ultrasound studies and microangiographies.
The Notch and ephrin families, largely involved in vascular development (17, 31) , also participate in vessel remodeling in adult mice (18, 32) . Thus, AGT in reducing Dll4, active Notch4, and its target gene, ephrin B2, would play a role in the maintenance of normal liver vessels until the 16th week.
Here, we showed that AGT mRNA expression was decreased in nodules compared with internodular regions. From the diffuse stage of hepatocarcinoma (16 weeks), T-SV40-positive hepatocyte ceased to express AGT. Because Hu-AGT was normally synthesized by hepatocytes (6), its synthesis was decreased in T-SV40-positive hepatocytes in a majority of nodules. This explains its decrease in synthesis and in plasma levels. Thus, the escape observed from this stage was related to the decrease in Hu-AGT synthesis and/or secretion.
We and others have shown that vascular endothelial growth factor (VEGF) up-regulates Dll4 in endothelial cells (20, 21) and Dll4 down-regulates VEGFR-2 and up-regulates VEGFR-1 (33) . Because AGT reduced the number of proliferating hepatocytes, local VEGF concentrations might be impaired, leading to the reduction of Dll4 and active Notch4 observed in bitransgenic mice.
Adenovirus-mediated gene transfer of Hu-AGT into human mammary breast carcinoma (MDA-MB-231) inhibits tumor growth and tumor angiogenesis (13) . Moreover, in mice overexpressing Hu-AGT, the number of murine B16F10 melanoma pulmonary metastasis was reduced compared with normal mice (13) . Interestingly, circulating high serum levels of Hu-AGT strongly block the dissemination of B16F10 metastases, but did not inhibit the growth of pre-established subcutaneous MDA-MB-231 (13), thus suggesting that an antiangiogenic and antitumoral effect requires a high local concentration of Hu-AGT. Indeed, high local Hu-AGT expression has been shown to inhibit the growth of kidney artery walls in mice overexpressing AGT (34) .
Our data show that AGT is a potent antiangiogenic factor in vivo. It is increasingly evident that multiple positive and negative regulatory factors are involved in the control of tumor growth and angiogenesis in our model. At the latest stage, the liver architecture was progressively destroyed with a dramatic loss of hepatic functions leading to decreased synthesis of Hu-AGT (35) . Moreover, because hepatocarcinoma is genetically committed to precocious death, the tumor growth evolution could be delayed early.
The antiangiogenic and antitumoral effects of AGT are most likely attributable to its serpin structure. Indeed, as shown by Célérier and colleagues, AGT can be modeled according to the structure of serpins (8) . Recently, several serpins have been shown to have antiangiogenic activities (9) (10) (11) (12) . Maspin has been found to inhibit tumor progression and metastasis in mice (36) . Furthermore, pigment epithelium-derived factor inhibits VEGF-induced angiogenesis by a cleavage and intracellular translocation of the transmembrane domain of VEGFR-1 (37) . This regulated intramembrane proteolysis was dependent on g-secretase. AGT might modulate positively or negatively intramembrane proteolysis such as Notch activation which is dependent on the g-secretase complex.
Finally, we provide evidence that AGT exerts an in vivo antiangiogenic effect with a tendency to protect the tumor sinusoids from their arterial remodeling resulting in antitumor effects. AGT may represent an interesting strategy in the development of new antiangiogenic molecules.
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